To establish a quantitative method for analysis of gene expressions in small areas of tissue after paraffin embedding, preliminary validation experiments with RT-PCR and Western blotting were performed using methacarn-fixed rodent tissues and a cultured PC12 cell line. A total RNA yield of 52 Ϯ 15 ng/mm 2 , sufficient for a quantitative RT-PCR of many genes, could be extracted from a deparaffinized 10-m-thick rat-liver section by a simple, single-step extraction method. The low concentration of contaminating genomic DNA and the resolution of ribosomal RNAs in RNA gel proved the purity and integrity of the extracted RNA samples, allowing PCR amplification of a long mRNA sequence and mRNA species expressing low copy numbers. PCR amplification of mRNA-derived target gene fragments could be achieved by optimizing the amount of total RNA for reverse transcription and the number of subsequent PCR cycles for each gene. By this validation, organ-and sex-specific mRNA expression could be detected in methacarn-fixed paraffin-embedded tissues without additional DNase treatment of RNA samples. RT-PCR analysis could also be performed with total RNA extracted from deparaffinized tissue dissected with a laser capture microdissection system. In addition, extraction of protein yielded 4.9 Ϯ 2
Q
uantitative analysis of gene expression in pathologically altered cell populations can provide valuable information regarding the mechanisms underlying biological phenomena, such as inflammatory responses, cell growth, differentiation, and apoptotic cell death. For pathological assessment, paraffin embedding is routinely used because of the ease of handling tissues and subsequent staining, as well as good preservation of morphology. If paraffin-embedded tissue (PET) retains RNAs and proteins intact, then it can be applied as a material source for defined cell populations, for example by microdissection.
Until now, extraction of total RNA and its analysis have been extensively performed using formalin-fixed PET for the detection of RNA viruses such as hepatitis C (Dries et al, 1999; Guerrero et al, 1997 Guerrero et al, , 1998 Miyauchi et al, 1998) . However, degradation of RNA species or insufficient extraction efficiency due to incomplete lysis are problems (Finke et al, 1993; Rupp and Locker, 1988; Stanta and Schneider, 1991) , and, therefore, quantitative analysis of specific gene expression cannot be applied. Several alternative fixatives have been tested for their performance with RT-PCR analysis, but there has not been sufficient validation for practical RT-PCR experiments because of contaminating genomic DNA. To avoid the noise from such contamination, either DNase-treatment of extracted total RNA or primer design allowing for the distinction of PCR products derived from genomic DNA and mRNA are necessary (Foss et al, 1994) . However, DNase-treatment with subsequent phenol/ chloroform extraction and ethanol precipitation of extracted RNA samples may reduce final RNA yield considerably, and genomic DNA information is not always available. Therefore, establishment of a simple method for extraction and analysis of RNA that can overcome the problem of contaminating DNA is of high priority.
Compared with RNA analysis, little is known about the potential for protein extraction from histopathological material in PET (Hara et al, 1993; Ikeda et al, 1998) , because formaldehyde crosslinks proteins. AMeX fixation does not affect the quality of protein, but this method is laborious and requires special equipment without offering any advantages in terms of RNA preservation (Sato et al, 1991 (Sato et al, , 1992 .
If an antigen is properly immobilized, non-crosslinking protein-precipitating fixatives usually give superior immunohistochemical results than aldehydebased cross-linking fixatives (Banks, 1979; Orstavik et al, 1981; Rognum et al, 1980) , because antigenicity is usually maintained intact (Mitchell et al, 1985) . We found that, after fixation with the protein-precipitating methacarn fixative, deparaffinized tissues were easily solubilized by protein detergents or by a phenol solution. The individual constituents of methacarn did not seem to affect the primary structure of polynucleoti-des, so that RNA molecules as well as proteins could be extracted from methacarn-fixed PET.
In this study, we applied a simple extraction method for total RNA and protein to methacarn-fixed PET and found that mRNA-specific PCR amplification and immunoblot detection of proteins appropriate for quantitative analysis could be performed with small tissue specimens.
Results

Yield and Quality of Total RNA
The lower limit of RNA titration with RiboGreen fluorescent dye was 5 ng/ml. Yields of total RNA extracted from unfixed frozen PC12 cells and methacarn-fixed paraffin-embedded PC12 cells were 9.24 Ϯ 0.17 and 5.13 Ϯ 1.30 g/5 ϫ 10 5 cells, respectively (n ϭ 5). RNA yield from the paraffin-embedded cells, however, was underestimated because cell pellets could not be formed by a Microfuge in xylene, and many cells were lost during deparaffinization. Total RNA could not be extracted from deparaffinized paraformaldehyde-fixed cells. Similar results were also observed in the yield of total RNA from rat liver PET blocks when different fixatives were compared (Table 1) . RNA yield from methacarn-fixed tissue was 0.74 Ϯ 0.11 g/mg wet weight, about 46% of that from unfixed frozen tissue. Contamination of genomic DNA in the RNA preparation from methacarn-fixed tissue was better than that from unfixed tissue. Although acetone showed the best RNA yield among fixatives, contamination of DNA was also high in the RNA preparation. Other fixatives, all containing formaldehyde as a constituent, did not give sufficient RNA yields. When the RNA yield per unit area of tissue section was measured, methacarn-fixed rat liver showed a yield of 52 Ϯ 15 ng/mm 2 from a small tissue specimen (10 m thick, 3.0 mm 2 sized area, n ϭ 6). As shown in Figure 1 , the integrity of total RNA extracted from methacarn-fixed paraffin-embedded PC12 cells was well preserved and similar to that from unfixed frozen cells, judging from the resolution of 18S and 28S ribosomal RNAs. Figure 2 shows results for RT-PCR validation using a primer set distinguishing PCR-products of genomic DNA and mRNA origins. In this figure, expression of ␣ 2u -globulin RNA in male rat liver was validated using RT products obtained from 500-ng total RNA/20 l total reaction. The optimum cycle number was prede- Validation results of RT-PCR for the ␣ 2 u -globulin gene in a methacarn-fixed paraffin-embedded male rat liver section. The cycle number was set at 21 with 500 ng of total RNA used for the RT reaction. Lane 1, methacarn-fixed liver section; Lane 2, methacarn-fixed liver section with DNase I treatment; Lane 3, unfixed frozen liver tissue; Lanes 4 and 5, reverse transcriptase (Ϫ) mock RT-PCR using 500 ng (Lane 4) and one g (Lane 5) of total RNA from methacarn-fixed liver sections; Lanes 6 and 7, positive and negative PCR controls using glyceraldehyde-3-phosphate dehydrogenase (GAPDH) primers with or without the GAPDH cDNA template, respectively; Lane 8, positive control of RT-PCR using in-vitro-transcribed mRNA of chloramphenicol acetyltransferase (CAT-RNA RT-PCR).
Validation of RT-PCR
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termined to be 21, under which condition the mRNAderived target fragment of ␣ 2u -globulin could be amplified by the RT product from methacarn-fixed PET (lane 1) comparable to the unfixed frozen tissue case (lane 3). DNase I treatment of the extracted RNA sample did not affect the amplification (lane 2), and reverse transcriptase (Ϫ) mock RT did not amplify products (lanes 4 and 5). For a gene whose genomic sequence is not available, a mock RT-PCR experiment with 35 cycles was performed to determine the maximum amount of total RNA for mRNA-specific gene amplification. Figure 3 shows validation results of PCR for hepatocyte growth factor receptor (HGFR) using mock RT products with 500 ng and 1 g total RNA from the rat liver to estimate template amplification derived from contaminating genomic DNA. When 500 ng of total RNA was used, the mock RT-PCR product could not be detected, whereas it was present with one g of total RNA. With 500 ng of total RNA, the optimum cycle number for HGFR-RNA amplification was determined to be 27. Figure 4A shows RT-PCR results for several genes at 27-PCR cycles using RT products prepared from 500 ng of liver total RNA from a male rat. RNA signals for HGFR and ribosomal protein L7 but not for the thyrotropin (TSH) ␤ subunit. TSH receptor (TSHR), prolactin (PRL), and growth hormone (GH), could be detected as expected (Faliks and Meyuhas, 1982; Liu et al, 1996) . Primer sets for TSH ␤, PRL and GH could amplify the respective mRNA-derived target fragments in rat pituitary total RNA, and TSHR primers in rat thyroid total RNA as well (data not shown). The origin of the PCR product from glyceraldehyde-3-phosphate dehydrogenase (GAPDH) PCR in this figure was obviously contaminating genomic DNA in this PCR condition, because it could be detected by mock RT-PCR at 27 cycles even with 125 ng of total RNA from a liver section (data not shown), probably due to GAPDH-pseudogene products derived from contaminating genomic DNA (Hanauer and Mandel, 1984) . Figure 4B shows RT-PCR results of cytochrome P450 (CYP), CYP2B1, CYP2B2 and CYP4A1, whose steady-state expression levels in the rat liver or hepa- Results of a validation mock RT-PCR experiment to estimate the maximum amount of total RNA for hepatocyte growth factor receptor (HGFR) RNAspecific amplification. PCR of 35 cycles was performed using reverse transcriptase (Ϫ) mock RT-product from 500 ng and 1 g total RNA extracted from methacarn-fixed paraffin-embedded rat liver sections. Positive control for RT-PCR was performed as in Figure 2 . RT-PCR results with methacarn-fixed paraffin-embedded rat-liver section. Panel A: The RT-reaction was performed using 500 ng of total RNA from a male liver, followed by 27 cycles of PCR to detect RNA-expression of ␣ 2u -globulin, hepatocyte growth factor receptor (HGFR), thyrotropin subunit (TSH) ␤ subunit, TSH receptor (TSHR), prolactin (PRL), growth hormone (GH), GAPDH and ribosomal protein L7. Panel B: RT-PCR results of cytochrome P 450 (CYP)1A1, CYP2B1, CYP2B2 and CYP4A1. The RT reaction was performed using 500 ng of total RNA, followed by 35 cycles of PCR. A primer set for CYP2B1 also amplifies a CYP2B2 RNA-derived cDNA template (arrowhead). Mock RT-PCR for each gene was performed as in Figure 3 . Panel C: RT-PCR results of epidermal growth factor receptor (EGFR) RNA fragments of 693 base pairs; 1.9-kb PCR of 35 cycles was performed using RT product from 500 ng total RNA with cycle parameters being 94°C for 1 minute, 58°C for 1 minute, and 72°C for 1 minutes 30 seconds. RT product was generated by a gene-specific primer (5Ј-AAGGCCTGGC CCAGCACATC-3Ј). Lanes 1 and 2, unfixed frozen liver tissue; Lanes 3-6, methacarn-fixed liver section; Lane 7, CAT-RNA RT-PCR; Lane 8, GAPDH cDNA PCR. Reverse transcriptase (Ϫ) mock RT-PCR was performed for each of the 693 base pairs (Lane 4) and the 1.9-kb (Lane 6) fragment.
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Laboratory Investigation • February 2000 • Volume 80 • Number 2 tocytes are known to be extremely low unless xenobiotically stimulated (Kocarek et al, 1998; Omiecinski et al, 1990; Prough et al, 1994) In the present study, the steady-state expression levels of CYP2B1, CYP2B2 and CYP4A1 genes could be detected in the methacarn-fixed rat liver PET, while expression of the CYP1A1 gene was undetectable even at 35-PCR cycles. The pattern and intensity of these RNA signals from methacarn-fixed liver was equivalent to those in unfixed tissue (data not shown). In addition to mRNA species expressing low copy numbers, PCR amplification of an extended length of an mRNA sequence could also be achieved in methacarn-fixed PETs. Figure 4C shows a successful RT-PCR result of a 1.9-kilobase (kb) fragment for epidermal growth factor receptor (EGFR) in the methacarn-fixed rat liver PET, despite the fact that the signal of the amplified product was weak compared with that from unfixed frozen tissue.
According to the prescribed PCR conditions, an accurate tissue distribution of specific gene expression could be analyzed. HGFR mRNA was also detected in the tissue sections from the brain, lungs and kidneys ( Fig. 5A ) as well as from the liver (Liu et al, 1996) . On the other hand, ␣ 2u -globulin mRNA was observed only in the liver (Fig. 5B) (Ikeda et al, 1997) .
Protein Analysis
Methacarn-fixed PET after deparaffinization could easily be solubilized in 2ϫ sodium dodecyl sulfate (SDS) gel-loading buffer by sonication. When protein yield from rat liver was compared, acetone-fixed PET block showed an equivalent yield to unfixed frozen tissue (Table 2) . Methacarn-fixed PET resulted in 76.5% of the yield from unfixed tissue. In addition to total RNA yield, other fixatives containing formaldehyde as a constituent did not show sufficient protein yield. When the protein yield per unit area of tissue section was measured, methacarn-fixed rat liver showed a yield of 4.9 Ϯ 2.1 g protein extracts from a 1-mm 2 area of a 10-m section. Figure 6A shows Western blotting data for ␣ 2u -globulin in the rat liver and kidney from both sexes. Alpha 2u -globulin was found specifically in the male liver (19 kDa) and kidney (17 kDa), whereas the mRNA was found only in the male liver (Fig. 6B) . These results match well the following characteristic features of this protein: (a) Alpha 2u -globulin (18.7 kDa) is synthesized mainly in the liver of the male rat (Alvares et al, 1996; Neuhaus, 1986 Neuhaus, , 1992 ; (b) Synthesized protein is secreted into the blood stream and rapidly excreted into urine (Neuhaus, 1986 (Neuhaus, , 1992 ; (c) Excreted protein is reabsorbed into the proximal tubules of the kidney (Neuhaus, 1986 (Neuhaus, , 1992 ; and (d) Absorbed ␣ 2u -globulin is processed for proteolytic cleavage to become a 17-kDa "kidney fatty acid-binding protein" (Ikeda et al, 1997) .
As shown in Figure 7A , cathepsin D could also be detected in the ethinyl estradiol-treated mouse uterus (Moulton and Khan, 1992; Rochefort et al, 1989) , and methacarn fixation and the following paraffin embedding did not affect extraction efficiency or integrity of the protein when compared with protein extracts isolated directly from the uterus. Signals of EGFR and CYP2E1 could also be detected in methacarn-fixed rat liver sections (Fig. 7, B and C) . The EGFR signals from both methacarn-fixed and unfixed liver tissue migrated to the same position, size 170 kDa. The CYP2E1 polypeptide band migrated to the position of correct molecular size (52 kDa) by precipitation of deparaffinized tissue with 10% trichloroacetic acid (TCA) before solubilization in 2ϫ SDS gel-loading buffer. However, the shift in the molecular size of the signal (approximately 56 kDa) occurred when protein extracts were prepared without TCA precipitation. Relative band intensity of each protein from methacarn-fixed tissue samples per unfixed frozen Tissue distribution of HGFR and ␣ 2u -globulin in male rat kidney, lung, brain and liver tissues. Panel A: HGFR; Panel B: ␣ 2u -globulin. RT reactions were performed using 500 ng total RNA from each tissue. PCR-cycle numbers for HGFR and ␣ 2u -globulin were 27 and 21, respectively. 
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samples were as follows: EGFR, 101.1 Ϯ 30.6% (n ϭ 4); CYP2E1, 101.9 Ϯ 21.9% (n ϭ 5). The EGFR-signal could also be detected in acetone-fixed liver PET, and the intensity and integrity of this protein were equivalent to those in unfixed frozen tissue (data not shown).
Laser Capture Microdissection RT-PCR
As a preliminary study of laser capture microdissection (LCM) RT-PCR, rat liver tissue sections of different thickness were prepared and used for capture with different laser shot numbers (100 -1000 shots), spot size (30ϳ60 m) and amplitude (30 -100 watts [w]). Although the RNA yields fluctuated considerably, thick sections between 8 and 10 m could yield 5-70 ng of total RNA with 100 -1000 shots of 60 m spot size and 60-w amplitude. Figure 8 shows successful LCM-RT-PCR results for HGFR from 47 and 15 ng total RNA extracted from cresyl violet-stained liver tissue dissected by the LCM system. Amounts of total RNA for RT-PCR pre-excluded the amplification of templates from contaminating genomic DNA at 35-PCR cycles.
Staining of tissue sections with cresyl violet did not affect the performance of RT-PCR, and RNA-derived PCR products could be amplified using RNA extracted from tissue dissected with the LCM system.
Discussion
There are three major critical requirements for RNA analysis using PET: (a) Efficiency of RNA extraction (Foss et al, 1994; Koopmans et al, 1993; Tyrrell et al, 1995) ; (b) Quality of extracted RNA (Finke et al, 1993; Rupp and Locker, 1988; Sato et al, 1991; Stanta and Schneider, 1991) ; (c) Noncontamination of genomic DNA (Ben-Ezra et al, 1991; Foss et al, 1994; Rupp and Locker, 1988; von Weizsä cker et al, 1991) . In studies in which several fixation methods were examined for the feasibility of RT-PCR by judging the efficiency of amplification of RT products, non-cross-linking fixatives always gave superior results to formaldehydebased fixatives (Goldworthy et al, 1999; Koopmans et al, 1993; Tyrrell et al, 1995) , although there are no differences in yields of extracted RNA (Foss et al, 1994) . In the present study, however, the RNA yields from methacarn-fixed paraffin-embedded PC12 cells and rat liver tissue blocks were 56% and 46%, respectively, of those from unfixed frozen counterparts, despite the fact that formaldehyde-based fixatives Comparison of protein signals detected in methacarn-fixed PETs and unfixed frozen tissues by Western blotting. A, Cathepsin D-expression in 0.2-ppm ethinyl estradiol-treated mouse uterus. Either 5 or 10 g of protein lysate was subjected to 14% sodium dodecyl sulfate (SDS)-polyacrylamide-gel electrophoresis. B, EGFR expression in rat liver tissue. Each protein lysate (10 g) was subjected to 5% SDS-polyacrylamide gel electrophoresis. Relative band intensity of the protein derived from methacarn-fixed samples to unfixed frozen samples was 101.1 Ϯ 30.6% (n ϭ 4). C, CYP2E1-expression in rat liver tissue. Ten g of protein lysate was subjected to 7.5% SDS-polyacrylamide-gel electrophoresis. Protein extracts were prepared either with or without TCAprecipitation of deparaffinized tissue section. Relative band intensity of the protein from methacarn-fixed samples to unfixed sample was 101.9 Ϯ 21.9% (n ϭ 5). Purified 2E1: liver microsomal fraction isolated from the rat treated with acetone.
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Laboratory Investigation • February 2000 • Volume 80 • Number 2 gave poor RNA-yields by our simple extraction system. This result contrasts with the poor extraction yield of less than 1/10th of frozen tissue, obtained with PET after fixation in Carnoy's solution (Foss et al, 1994) . In addition to the successful LCM-RT-PCR result with 15-50 ng total RNA, the RNA yields of around 50 ng from a 1-mm 2 area obtained in our study underline the possibility of quantitative mRNA analysis using cDNA competitive RT-PCR, as described previously (Shibutani et al, 1998) . Although acetone-fixed tissue in the present study provided a superior RNA yield than methacarn-fixed tissue, a relatively high level of genomic DNA contamination in the RNA preparation may diminish its advantage in extraction efficiency.
Although experimental conditions generally differ from those used in our present study, total RNA extracted from formalin-fixed PET is usually degraded considerably (Finke et al, 1993; Rupp and Locker, 1988; Stanta and Schneider, 1991) . On the other hand, in addition to the extraction efficiency, the integrity of extracted total RNA from our methacarn-fixed PC12 cells was comparable to that from unfixed frozen cells. Our reasonable RT-PCR results to amplify 300 -700 base pair fragments of any RNA species, even those expressing low copy numbers, may prove the quality of extracted RNA from methacarn-fixed PETs. While specific mechanisms of fixation for RNA preservation are still at the level of hypotheses, the proteinprecipitating effects of methacarn fixation may lead to inactivation of endogenous RNases and/or masking of the mRNAs from RNase action by precipitation of surrounding ribosomal proteins in the cell. Although the 1.9-kb fragment of EGFR mRNA could be amplified in our methacarn-fixed liver tissue, the relatively weak signal of such a long sequence may suggest the undesirable effects of the paraffin-embedding procedure for the retention of large RNA molecules to be amplified (Goldworthy et al, 1999) . The question of how long mRNAs are retained intact in PET should now be addressed. In the present study, mRNA, as well as protein could be analyzed with PET which had been prepared five months previously.
Genomic DNA contamination in total RNA preparations from PET, in contrast to frozen tissues or cell samples, is a widely reported finding in studies evaluating RNA analysis by RT-PCR (Ben-Ezra et al, 1991; Foss et al, 1994; Rupp and Locker, 1988; von Weizsä cker et al, 1991) . In the present study, however, the concentration of contaminating genomic DNA in the total RNA preparation from methacarn-fixed rat liver PET was quite low and even better than the level from unfixed frozen tissue, suggesting the suitability for RT-PCR analysis. When genomic DNA sequence information was not available for the gene of interest, we employed validation experiments for each gene. At first, the maximum amount of total RNA for the RT reaction was determined by performing a mock RT reaction followed by PCR with the maximum of 35 cycles. Then the optimum cycle number was determined within the range of exponential amplification of RT products. By this two-step validation, mRNAspecific template amplification could be detected even where genomic sequence information was lacking. However, housekeeping genes, such as GAPDH in the present study, usually share homologous sequences with genomic pseudogenes, and such sequences in contaminating genomic DNA in total RNA preparations would be amplified preferentially by RT-PCR (Foss et al, 1994; Hanauer and Mandel, 1984) . Therefore, such housekeeping genes cannot be recommended for RT-PCR analysis using fixed PET.
For protein analysis, non-cross-linking fixatives, such as acetone, ethanol or modified Carnoy's solution, give clear protein bands for cytokeratin molecules (Conti et al, 1988) . In the present study, acetone gave the best protein yield among fixatives, and an EGFR signal equivalent to that in unfixed tissue could be detected in acetone-fixed tissue. However, about a 13.5% reduction of protein yield was observed in our methacarn-fixed PET as compared to that from unfixed frozen tissue. Lipid extraction by such alcoholbased protein precipitating fixatives may result in the "diffusion artifact" of membrane-bound proteins, causing their immunohistochemical detection to be difficult (Gusterson et al, 1984; Judd and Britten, 1982; Ponder and Wilkinson, 1981) . The slight loss in the protein yield in our methacarn-fixed PET may suggest such an extraction effect during fixation and subsequent paraffin embedding and deparaffin steps. However, we did not see any artificial fluctuation in the expression levels of membrane-bound proteins, such as CYP2E1 and EGFR, as compared with those from unfixed frozen tissues, suggesting that effects of lipid extraction could be negligible in methacarn-fixed PETs used to perform quantitative protein analysis. Furthermore, the polypeptide band of all examined proteins, in which two glycoproteins (cathepsin D and EGFR) were included, migrated to the positions of correct molecular size (17-170 kDa) in our methacarnfixed PET. This result indicates that proteins of any molecular size could be preserved as a biochemically intact form in such PETs, although some unknown LCM-RT-PCR detection of HGFR RNA. Liver total RNA extracted from laser-microdissected tissue was used for RT-PCR. RT products were generated from 46 and 15 ng of total RNA, respectively, for #1 and #2 PCRs.
Shibutani et al
modification on certain populations of polypeptides affecting the mobility in SDS-polyacrylamide gel would appear without TCA precipitation of the tissue samples. This was observed in the CYP2E1 signal in the present study.
In conclusion, methacarn-fixed PET may be particularly suitable for analysis of molecular events at the mRNA level in specific cell populations, especially in conjunction with LCM. Considering its advantages for immunohistochemical detection of proteins (Mitchell et al, 1985; Puchtler et al, 1970) , tissue-embedding after methacarn-fixation should be recommended as a valuable approach for routine application, possibly in combination with immuno-LCM, a recently developed method which allows targeted mRNA analysis of immunophenotypically-defined cell populations (Fend et al, 1999 ).
Materials and Methods
Fixatives
A methacarn solution consisting of 60% (vol/vol) absolute methanol, 30% chloroform, and 10% glacial acetic acid was freshly prepared before fixation. Other fixatives used for comparison of extraction efficiency of RNA and protein were as follows: acetone; 4% paraformaldehyde in 0.1M phosphate-buffered saline (pH 7.4); 10% neutral-buffered formalin; Ufix, a commercial fixative consisting of formalin and methanol (Sakura Fine Technical Company, Ltd., Tokyo, Japan); and Bouin's solution. Ultrapure water was used for preparation of fixatives after treatment with diethyl pyrocarbonate.
Tissue and Cell Preparation
After exsanguination from the abdominal aorta under ether anesthesia, F344 rats of both sexes were killed for removal of liver, kidneys, lungs, and brain. To facilitate fixation, tissues were trimmed to make 5-mm-thick slices. For comparison of methacarn with other fixatives on the extraction efficiency of RNA and protein/wet tissue weight, 1-mm-thick rat-liver slices weighing 50 -60 mg were prepared for fixation. Ovariectomized female CBA mice fed a diet containing 0.2-ppm ethinyl estradiol for 10 days were also killed under ether anesthesia, and the uteri were removed. The organs and tissues were fixed in methacarn or other fixatives for one hour at 4°C, except for acetone fixation at Ϫ80°C. For embedding, tissue samples were dehydrated three times for one hour in fresh 100% ethanol at 4°C, immersed in xylene once for one hour and then three times for 30 minutes at room temperature, and immersed in hot paraffin (60°C) three times for one hour. Liver tissue samples for estimation of RNA-yield/unit area were trimmed into cubes with a 3.0-mm 2 -section area. A rat pheochromocytoma-derived cell line, PC12, was grown in flasks as described previously (Shibutani et al, 1998) and harvested. Washed cells were counted and divided into 5 ϫ 10 5 aliquots per tube, fixed either with methacarn or paraformaldehyde/0.1 M phosphate buffer for 1 hour, and then dehydrated, placed in xylene, and embedded in paraffin.
RNA and Protein Extraction
Thin sections from paraffin-embedded tissue, 4 to10 m in thickness, were prepared and deparaffinized with xylene three times for 10 minutes and placed in 100% ethanol for washing three times for 10 minutes. After brief air drying, tissue sections were lysed with RNA Inc., Friendswood, Texas) and total cytoplasmic RNA was isolated with isopropanol precipitation in the presence of glycogen at 2 g/ml as a carrier. For comparison of extraction efficiency of total RNA and protein between fixatives, PET blocks were directly deparaffinized, disintegrated with Mikro-Dismembrator S (B. Braun Biotech International GmbH, Melsungen, Germany) for subsequent extraction. Isolated RNA was labeled with a RiboGreen RNA quantitation kit (Molecular Probes, Eugene, Oregon), and concentrations were estimated with a fluorescence spectrophotometer (F4010, Hitachi Company, Ltd., Tokyo, Japan). To estimate the purity of RNA, concentrations of contaminating DNA in the final preparation were measured using Hoechst 33258 Molecular Probes (Molecular Probes, Eugene, Oregon). Total RNA was also isolated from methacarn-fixed paraffin-embedded PC12 cells to compare the RNA yield and integrity with those for unfixed frozen cells. The integrity of total RNA was confirmed by resolution of 18S and 28S ribosomal RNA in 0.8% formaldehyde agarose gels stained with ethidium bromide.
Protein from deparaffinized tissue was solubilized and sonicated for 10 minutes in 2ϫ SDS gel-loading buffer. For the Western blotting analysis of CYP2E1 in the rat liver, protein precipitation with 10% TCA was performed before solubilization in SDS buffer. Concentrations were estimated with a NanoOrange protein quantitation kit (Molecular Probes, Eugene, Oregon).
RT-PCR
Single-strand DNA was generated from 15 to 1000 ng of total RNA with random hexamers and the Superscript Preamplification System (Life Technologies, Inc., Rockville, Maryland). Hot start PCR was performed with Platinum Taq DNA polymerase (Life Technologies, Inc., Rockville, Maryland) in a total 20-l volume. The cycle parameters for the PCR of the target fragments, sized smaller than one kb, were typically 94°C for 1 minute, 55°C for 1 minute, and 72°C for 1 minute. Table 3 lists target genes, primer sets for PCR, and the expected sizes of the mRNAderived PCR products. Among the genes examined in the present study, information on exon-intron boundaries was available for ␣ 2u -globulin, PRL, GH, TSH ␤, CYP1A1, CYP2B1, CYP2B2, and CYP4A1 genes, and primers for such genes were designed to overlap two or more exons to distinguish PCR products derived from genomic DNA and mRNA. Under the prescribed PCR conditions, only the shorter mRNA-derived cDNA was successfully amplified at the expense of any potential genomic DNA contamination (Foss et al, 1994) . A primer set for CYP2B1 was also designed to detect the CYP2B2 gene (Geng and Strobel, 1995) . In the liver, amplification of the genes for the following was tested: ␣ 2u -globulin, HGFR, TSH ␤, TSHR, PRL, GH, GAPDH, ribosomal protein L7, CYP1A1, CYP2B1, CYP2B2 and CYP4A1. In addition to the liver tissue, brain, lung, and kidney tissues were tested for amplification of HGFR and ␣ 2u -globulin. The PCR conditions for each gene were estimated by optimizing the amount of total RNA for the RT reaction, followed by the cycle number for PCR. The amount of total RNA for RT reaction was determined by negativity for PCR amplification of the template derived from contaminating genomic DNA by reverse transcriptase (-) mock RT-PCR at 35 cycles. The optimum cycle number for each gene was determined within the range of the exponential phase of PCR amplification using RT products.
In vitro transcribed RNA of the chloramphenicol acetyltransferase gene and its gene-specific primers included in the Superscript Preamplification System (Life Technologies, Inc., Rockville, Maryland) were used as a positive control for RT-PCR, with a predicted PCR product size of 523 base pairs. Positive and negative PCR controls were prepared using GAPDH primers with or without the GAPDH cDNA template in each PCR experiment.
Immunoblotting Analysis
Protein samples were subjected to SDS-polyacrylamidegel electrophoresis and then transferred to a polyvinylidine difluoride membrane (Millipore, Bedford, Massachusetts). After blocking with 0.2% casein (Merck, Whitehouse Station, New Jersey), blots were incubated either with anti-rat ␣ 2u -globulin (the kind gift of Dr. Masahiro Takeyoshi), anti-rat CYP2E1 (Daiichi Chemical Company, Ltd., Tokyo, Japan), anti-human EGFR (Medical and Biological Laboratories Company, Ltd., Nagoya, Japan) or anti-mouse cathepsin D (Medical and Biological Laboratories Company, Ltd., Nagoya, Japan). Bound antibodies were detected with sheep anti-mouse Ig or donkey anti-rabbit Ig antibodies conjugated with horseradish peroxidase (Amersham Pharmacia Biotech AB, Uppsala, Sweden) and analyzed either with the Supersignal Chemiluminescent Substrate (Pierce Technology Corporation, Inc., New York, New York) or the BIO-RAD HRP color reagent (Hercules, California). Relative protein levels of EGFR and CYP2E1 in the methacarn-fixed rat liver PETs were estimated by analyzing the band intensities obtained by Western blots using the United States National Institute of Health image program. Values were calculated as percentages of unfixed frozen liver tissues.
Laser Capture Microdissection
Thin sections were mounted on diethyl pyrocarbonatetreated slide glasses, deparaffinized, dehydrated, stained with cresyl violet, and again dehydrated. Stained or unstained sections were used for microdissection using a pixel laser capture microscope system with an infrared diode laser (LM100, Olympus, Tokyo, Japan). Tissue sections were overlaid with a thermoplastic membrane mounted on optically transparent caps, and cells were captured with focal melting of the membrane through laser activation. After visual control of the completeness of dissection, the captured tissue was immersed in RNA STAT-60 for subsequent total RNA extraction. † Actual PCR product will add 16 bases to the target fragment because of tag sequences including restriction site at the 5Ј-ends of primers. ‡ The set of CYP2B1 primers also amplifies 402 bp fragment of CYP2B2 cDNA (Geng and Strobel, 1995) . ␣ 2u -G, ␣ 2u -Globulin; CYP1A1, Cytochrome P450 enzyme 1A1; CYP2B1, Cytochrome P450 enzyme 2B1; CYP4A1, Cytochrome P450 enzyme 4A1; EGFR, Epidermal growth factor receptor; GAPDH, Glyceraldehyde-3-phosphate-dehydrogenase; GH, Growth hormone; HGFR, Hepatocyte growth factor receptor; PRL, Prolactin; RPL7, Ribosomal protein L7; TSH ␤, Thyrotropin ␤ subunit; TSHR, TSH receptor.
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